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ABSTRACT 


An ovigerous hair crab, Telmessus acutidens, was collected in South Korean waters and its larvae were reared 
in the laboratory. The larval development consists of four zoeal (including an extra zoeal stage) and one 
megalopal stages. Four zoeal stages are described and illustrated in detail. The zoeas of the present material 
show some differences from Kurata (1963)’s plankton-collected zoea of T. acutidens in the characteristics of 
the carapace spines, an endopod and an exopod of the antenna, and the posterolateral process of the 
abdominal somite. Kurata’s zoea agreed well with that of 7. cheiragonus. So, it is suggested that Kurata’s 


zoea may be the second zoea of T. cheiragonus. 
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INTRODUCTION 


The family Atelecyclidae is represented by four species in 
Korea (Kim, 1973): Telmessus acutidens (Stimpson, 1858), 
T. cheiragonus (Tilesius, 1812), Erimacrus isenbeckii 
(Brandt, 1848), and Trachycarcinus balssi Rathbun, 1932. 
The hair crab, 7. acutidens, commercially important as a 
fishing resource, has been reported from the south-eastern 
coast of Korea and the west coast of Hokkaido, Japan, to 
south of Sakhalin. It is distributed more southward than the 
other three species and is known to live in the sand or the 
mud from the littoral to a depth of 50 m (Kim, 1973; Sakai, 
1976). 

The larvae of the family Atelecyclidae have been described 
for Atelecyclus rotundatus (Olivi, 1792) by Lebour (1928), 
Bourdillon-Casanova (1960), Hong and Ingle (1987), and 
Ingle (1991); Peltarion spinosulum (White, 1843) by Irio 
(1983); Erimacrus isenbeckii by Marukawa and Yasunari 
(1931), Marukawa and Chong (1933), Aikawa (1937), 
Kurata (1963), Sasaki and Mihara (1993), and Lee et al. 
(unpublished); Telmessus cheiragonus by Kurata (1963) and 
Rice (1980); and T. acutidens by Kurata (1963). Although 
Kurata (1963) described the second zoea and a megalopa of 
T. acutidens from plankton-caught material, his description 
was incomplete for current comparative morphological 
studies. 

It is the objective of this paper to describe the zoeal stages 
of T. acutidens in detail and to compare their morphology 
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with previously described zoeas from the same family. 


MATERIALS AND METHODS 


An ovigerous Telmessus acutidens was collected from a 
Jagalchi fish market in the southern part of Korea on 4 
January 2003 and transported to a constant temperature 
chamber at Silla University, Busan. Zoeas hatched on 11 
January 2003 were reared using methods described by Ko 
(1995) at a constant water temperature of 15°C. Larvae 
were preserved in 10% neutral formalin. Zoeal specimens 
were dissected using a Leitz zoom stereomicroscope and 
appendages were examined under a Leitz Laborlux S 
microscope. Appendages were mounted in polyvinyl lac- 
tophenol, cover slips were sealed with clear nail varnish and 
drawings were made with the aid of a camera lucida. Setal 
counts and measurements were based on about 10 spec- 
imens for each zoeal stage. The sequence of the zoeal 
description is based on the malacostracan somite plan and 
described from anterior to posterior. Setal armatures of 
appendages are described from proximal to distal segments 
and in order of endopod to exopod (Clark et al., 1998). 
Samples of the zoeal series and the spent female were 
deposited in Silla University, Korea (accession number, 
SUZ CR 103243). The zoeal stages are described and fully 
illustrated. For the second and subsequent zoeal stages, only 
the main differences from the previous stage are described. 
The long plumose natatory setae of the first and second 
maxillipeds, the telson fork, and the long antennular aes- 
thetascs, are drawn truncated. A micrometer was used for 
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Fig. 1. Life span and survival of larvae of Tefmessus acutidens 
reared in the laboratory at 15°C and 33.3%o0 salinity. 


measurement of zoeal carapace length, measured from the 
base of the rostral spine to the most posterior carapace 
margin. The approximate measurement of the antennal 
exopod (for its ratio with the protopod) was taken from the 
base to the tip excluding the terminal setae. 


RESULTS 


Four zoeal stages occurred before metamorphosis to the 
megalopa. The minimum durations of the zoeal stages I-IV 
at 15°C were 5,5,4, and 7 days, respectively. Metamorphosis 
to the megalopa occurred from 21 days after the first stage 
zoeas hatched from eggs (Fig. 1). Only nine megalopae 
were obtained, however, the moult to megalopa was not 
entirely successful because they were unable to extricate 
themselves from the zoeal exoskeleton and consequently 
this phase could not be properly described and illustrated. 


DESCRIPTION 
Telmessus acutidens (Stimpson, 1858) (Figs. 2-7) 


Zoea I 

Size: Carapace length 0.84+0.09 mm. Distance from tip 
of dorsal spine to tip of rostral spine 2.18 +0.10 mm. 

Carapace (Fig. 2A, B). Dorsal spine twice longer than 
rostral spine; rostral spine slightly longer than antennal 
protopod; lateral spines present; one pair of anterodorsal 
setae present; one pair of posterodorsal setae present; each 
ventral margin with 9 setae; eyes stalked. 

Antennule (Fig. 2C). Uniramous; endopod absent; exopod 
unsegmented with 5 (4 long and 1 shorter) terminal aes- 
thetascs, short terminal seta and shorter subterminal aes- 
thetasc. 
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Antenna (Fig. 2D). Protopod slightly shorter than rostral 
spine and distally spinulate; endopod bud about 53% length 
of exopod; exopod about 30% length of protopod with 2 (1 
long and 1 shorter) terminal setae. 

Mandibles (Fig. 2E). Asymmetrical; right molar with 3 
unequal sized teeth and left molar with tooth, confluent with 
incisor process; endopod palp absent. 

Maxillule (Fig. 2F). Epipod seta absent; coxal endite with 
9 terminal setae; basial endite with 8 terminal setae; en- 
dopod 2-segmented: proximal segment with a seta; distal 
segment with 6 (2 subterminal+4 terminal) setae. 

Maxilla (Fig. 2G). Coxal endite bilobed, with 5+4 setae; 
basial endite bilobed, with 5+6 setae; endopod bilobed, 
with 3+5 setae; exopod (scaphognathite) margin with 28 
plumose setae. 

First maxilliped (Figs. 2A, 3A). Coxa with seta; basis 
with 10 setae arranged 2, 2, 3, 3; endopod 5-segmented, 
with 3, 2, 1, 2, 5 (1 proximal+4 terminal) setae respec- 
tively; exopod 2-segmented, distal segment with 4 terminal 
natatory plumose setae. 

Second maxilliped (Figs. 2A, 3B). Coxa without seta; basis 
with 4 setae; endopod 3-segmented, with 1, 1, 5 (2 subter- 
minal+3 terminal) setae, respectively; exopod 2-segment- 
ed, distal segment with 4 terminal natatory plumose setae. 

Third maxilliped (Fig. 3C). Biramous. 

Pereopods (Fig. 3D). Developing as buds; Ist pereopod 
present as biramous bud. 

Abdomen (Fig. 3E). Five somites; somite 2 with pair of 
lateral processes directed laterally; somites 3-5 with short 
posterolateral processes, distally spinulate; somites 2-5 with 
pair of posterodorsal setae and pleopod buds. 

Telson (Fig. 3E, F). Each fork long and distally spinulate, 
with one lateral long and spinulate, one lateral smaller and 
one smaller dorsomedial spines; posterior margin with 3 
pairs of spinulate setae. 


Zoea II 

Size: Carapace length 1.08+0.04 mm. Distance from tip 
of dorsal spine to tip of rostral spine 2.32 +0.06 mm. 

Carapace (Fig. 4A). Two pairs of anterodorsal setae pre- 
sent; each ventral margin with 12 setae; each ventral margin 
with 12 setae; otherwise unchanged. 

Antennule (Fig. 4B). Exopod now with 7 long (6 stout+ I 
thinner) terminal aesthetascs, terminal seta, and 6 shorter 
subterminal aesthetascs; otherwise unchanged. 

Antenna (Fig. 4C). Endopod bud about 60% length of 
exopod; otherwise unchanged. 

Mandibles: Unchanged. 

Maxillule (Fig. 4D). Coxal endite with 9 setae; basial en- 
dite with 10 setae; exopodal plumose seta now present; 
otherwise unchanged. 
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Fig. 2. Telmessus acutidens, first zoeal stage. A, lateral view; B, lateral expansion of carapace; C. antennule; D, antenna; E, 
mandibles; F, maxillule; G, maxilla. Scale bars=0.5 mm (A), 0.1 mm(B-G). 
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Fig. 3. Telmessus acutidens, first zoeal stage. A, first maxilliped; B, second maxilliped; C, third maxilliped; D, pereopods; E, dorsal 


view of abdomen and telson; F, fork of telson. Scale bars=0.1 mm(A-D, F), 0.5 mm(E). 
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Zoeal Development of Te/messus acutidens 
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Fig. 4. Telmessus acutidens, second zoeal stage. A, lateral view; B, antennule; C, antenna; D, maxillule; E, maxilla; F, first 
maxilliped; G, dorsal view of abdomen and telson. Scale bars=0.5 mm (A, C-E, G), 0.1 mm (B, D, F}. 
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Fig. 5. Telmessus acutidens, third zoeal stage. A, lateral view; B, lateral expansion of carapace; C, antennule; D, antenna; E, 
maxillule; F, maxilla; G, third maxilliped. Scale bars=1.0 mm (A), 0.05 mm (B), 0.1 mm (C-G). 
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Zoeal Development of Telmessus acutidens 


Fig. 6. Telmessus acutidens, fourth zoeal stage. A, lateral view; B, lateral expansion of carapace; C, antennule; D, antenna; E, 
mandibles; F, maxillule; G, maxilla. Scale bars=1.0 mm (A), 0.25 mm (B), 0.1 mm (C-G). 
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Maxilla (Fig. 4E). Coxal endite bilobed, with 6+4 setae; 
basial endite bilobed, with 6+7 setae; exopod (scaphog- 
nathite) margin with 32 plumose setae and distal, stout 
process no longer prominent; otherwise unchanged. 

First maxilliped (Fig. 4F). Endopod 5-segmented, with 3, 
3, 2, 2,5 (1 proximal+4 terminal) setae respectively; exopo- 
dal distal segment now with 8 terminal natatory plumose 
setae; otherwise unchanged. 

Second maxilliped (Fig. 4A). Exopodal distal segment 
now with 8 terminal natatory plumose setae; otherwise un- 
changed. 

Third maxilliped: Unchanged. 

Pereopods: Unchanged. 

Abdomen (Fig. 4G). With 6 somites; posterolateral pro- 
cesses of somites 3 and 4 longest, but, not reaching to 1/2 
length of next somite; pleopodal buds present on somite 6; 
otherwise unchanged. 

Telson (Fig. 4G). Unchanged. 


Zoea III 

Size: Carapace length 1.22 +0.05 mm. Distance from tip 
of dorsal spine to tip of rostral spine 2.74 +0.12 mm. 

Carapace (Fig. 5A, B). Three pairs of anterodorsal setae 
present; each ventral margin with 13 setae; otherwise un- 
changed. 

Antennule (Fig. 5C). Endopodal bud present; exopod with 
2 rows of subterminal aesthetascs arranged 5, 1 and 5 long 
terminal aesthetascs plus terminal seta. 

Antenna (Fig. 5D). Endopodal bud about 97% length of 
exopod; otherwise unchanged. 

Mandibles: Unchanged. 

Maxillule (Fig. 5E). Epipod seta now present; coxal en- 
dite with 10 setae; basial endite with 12 setae; otherwise un- 
changed. 

Maxilla (Fig. 5F). Basial endite bilobed, with 7+7 setae; 
exopodal (scaphognathite) margin with 37 plumose setae; 
otherwise unchanged. 

First maxilliped (Fig. 5A). Exopodal distal segment now 
with 10 terminal natatory plumose setae; otherwise un- 
changed. 

Second maxilliped (Fig. 5A). Exopodal distal segment 
now with 10 terminal natatory plumose setae; otherwise 
unchanged. 

Third maxilliped (Fig. 5G). Epipod now present. 

Pereopods: Unchanged. 

Abdomen (Fig. 5A). Six somites fully formed; postero- 
lateral processes of somites 3-5 not reaching to 1/2 length of 
next somite; pleopodal buds developing; otherwise unchan- 
ged. 

Telson: Unchanged. 
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Zoea IV 

Size: Carapace length 1.52 +0.08 mm. Distance from tip 
of dorsal spine to tip of rostral spine 3.36 +0.23 mm. 

Carapace (Fig. 6A, B). Three pairs of anterodorsal and 2 
pairs of posterodorsal setae present; each ventral margin 
with 14 setae; otherwise unchanged. 

Antennule (Fig. 6C). Exopod with 2 rows of subterminal 
aesthetascs arranged 5, 6 and 5 long aesthetascs plus seta 
terminaly. 

Antenna (Fig. 6D). Endopod about twice longer than 
length of exopod, but, slightly shorter than length of pro- 
topod; terminal setae of exopod with a few setule; otherwise 
unchanged. 

Mandibles (Fig. 6E). Right molar now with 4 unequal 
sized teeth confluent with incisor process; endopodal palp 
present. 

Maxillule (Fig. 6F). Coxal endite with 11 setae; basial en- 
dite with 16 setae; otherwise unchanged. 

Maxilla (Fig. 6G). Basial endite bilobed, with 7+8 setae; 
exopodal (scaphognathite) margin with 39 plumose setae; 
otherwise unchanged. 

First maxilliped (Fig. 7A). Coxa with epipodal bud bear- 
ing arthrobranch gill and now with 2 setae; otherwise un- 
changed. 

Second maxilliped (Fig. 7A). Coxa with epipodal bud 
bearing arthrobranch gill; distal segment of endopod now 
with 6 (4 subterminal+2 terminal) setae; otherwise unc- 
hanged. 

Third maxilliped (Fig. 7C). Endopod slightly segmented. 

Pereopods (Fig. 7D). Some segmental differentiation into 
segments. 

Abdomen (Fig. 7E, F). Each of pleopods 1-3 with endopo- 
dal bud, pleopods 4 and 5 uniramous; otherwise unchanged. 

Telson (Fig. 7E, G). Posterior margin with 3 pairs of spin- 
ulate setae and one pair of simple setae; otherwise unchang- 
ed. 


DISCUSSION 


Kurata (1963) described larvae of three species of the 
family Atelecyclidae; Telmessus cheiragonus, T. acutidens, 
and Erimacrus isenbeckii, from Hokkaido, Japan. In his 
description, larvae of 7. cheiragonus were obtained from 
laboratory-reared material, whereas single specimen of the 
second zoea and five of megalopae of T. acutidens were 
from plankton-collected material. Kurata’s second zoea of 
T. acutidens is very similar to that of T. cheiragonus and 
different from the present material, as shown in Table 1. 
The second and third zoeal stages of T. acutidens are easily 
distinguished from those of T. cheiragonus in having 
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Fig. 7. Telmessus acutidens, fourth zoeal stage. A, first maxilliped; B, second maxilliped; C, third maxilliped; D, pereopods; E, 
dorsal view of abdomen and telson; F, first pleopod; G, fork of telson. Scale bars=0.1 mm (A-C, F, G), 0.25 mm (D), 0.5mm (E). 
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Table 1. Differences in the zoeal characteristics between two Te/messus species described by Kurata (1963) and T. acutidens of the 


present study 


Species T. cheiragonus T. acutidens T. acutidens 
Author Kurata (1963) Kurata (1963) Present study 
Zoeal stage Zoea II Zoea II Zoea II Zoea III 
SL 3.2-3.4mm 3.3mm 2.32 mm 2.74 mm 
Dorsal carapace spine spinulate spinulate smooth smooth 
Antenna 
i aaa to-protopod about 12% about 13% about 22% about 41% 
Eee exopod‘to protopod about 16% about 18% about 37% about 42% 
e ee to exopod about 75% about 71% about 59% about 97% 


Exopod of maxillule 
Exopod of maxilliped 
Abdomen 


as 2 plumose+a setae 
10 natatory setae 


as 2 plumose+a setae 
10 natatory setae 


as a plumose+a seta 
10 natatory setae 


as a plumose seta 
8 natatory setae 


oeterolateral piócësson reaching to 1/2 reaching to 1/2 reaching to reaching to 1/3 
pana 4 P length length 1/3 length of length ofa 
of somite 5 of somite 5 somite 5 somite 5 


SL=Distance from tip of dorsal spine to tip of rostral spine 


Table 2. A comparison of the zoeal stages, duration of zoeal stages, zoeal size, intermoult period, and survival rate of larvae of 
Telmessus acutidens reared at 15°C between Lee et al. (1993) and the present study 


Author 


Zoeal stages 
Duration of zoeal stage 
Carapace length : SL (mm) 


Lee et al. (1993) 


5 


at least 23 days 


Present study 


4 
al least 21 days 


zoea I 1.03 : 2.47 0.84+0.09 : 2.18+0.10 
zoea II 1.18 : 2.65 1.08 +0.04 : 2.32+0.06 
zoea IH 1.24 : 3.09 1.22+0.05 : 2.7440,12 
zoea IV 1.87 : 3.76 1.52+0.08 : 3.36+0.23 
zoea V 2.21 : 3.98 - 

Minimum intermolt period (days) 
zoea I 5 5 
zoea II 4 5 
zoea III 3 4 
zoea IV 3 7 
zoea V 5 = 

Survival rate of last zoeal stage 18% 60% 

Survival rate of megalopal stage 18% 19% 


SL=Distance from tip of dorsal spine to tip of rostral spine 


smooth carapace spines, approximately twice longer en- 
dopod and exopod of the antenna, and the posterolateral] 
process on somite 4 approximately 1/3 length of somite 5. 
Therefore, it is suggested that Kurata (1963)’s zoea of T. 
acutidens can be referred to T. cheiragonus. 

Lee et al. (1993) reported the larval rearing and growth of 
T. acutidens fed with Artemia nauplii. They recognized five 
zoeal stages, and the minimum durations of the zoeal stages 
I-V at 15°C to be 5, 4, 3, 3, and 5 days, respectively (Table 
2). On the contrary, only four zoeal stages were observed in 
the present study. Compared with the data of Lee et al. 
(1993), the author’s zoeas were smaller, but survival rates 
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were higher. The occurrence of extra zoeal stage was con- 
sidered to be due to stress imposed by a prolonged period of 
maintaining the ovigerous crabs in the laboratory (Ong and 
Costlow, 1970; Christiansen and Costlow, 1975; Johns et 
al., 1980). According to Lee et al. (1993), the ovigerous fe- 
males were held in running seawater in the laboratory for 
one year before larvae hatched, while in the present study, 
larvae hatched only one week after the ovigerous crab was 
collected. Extra zoeal stage isn’t apparently unusual in the 
laboratory-cultured brachyuran zoeas. For example, Wilson 
(1980) noted that Euchirograpsus americanus possessed 
either five or six zoeal stages in laboratory conditions. An 
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Table 3. A comparison of the first stage zoeal characteristics from known descriptions of the family Atelecyclidae 


Zoeal Development of Telmessus acutidens 


Species Atelecyclus Peltarion Telmessus Telmessus Erimacrus 
P rotundatus spinosulum cheiragonus acutidens isenbeckii 
Hong and Ingle i Sasaki and 
Authors (1987) Irio (1983) Kurata (1963) Present study Mihara (1993) 
Antenna 
terminal setae of exopod 3 3 2 2 2 
Maxillule 
setation of endopod 1,5 1,6 1,6 1,6 1,6 
Maxilla s 
setation of endopod 4+3 (7) 3+5 (8) 3+5 (8) 3+5 (8) 3+5 (8) 
Endopod of first maxilliped 
setae of proximal segment 3 3 
2 3 [as figured by Rice 3 (Lee et al., 
(1980)] unpublished) 
Second maxilliped 
setation of endopod 1,1,5 
1,435 1,1,6 1,1,5 Yas (Lee et al., 
unpublished) 
Abdomen 
lateral process somite 2 somite 2 somite 2 somite 2 somites 2, 3 
Telson 
lateral spine 1 smalii+i 2 smali 1 long+1 1 long+1 1 very long+1 
minute smaller “smaller smaller 


extra zoea seemed to be found in the present study because 
ten natatory plumose setae were bearing on exopods of 
maxillipeds in the third and fourth zoeas. The number of 
setae on an exopod of maxilliped increases through the 
moulting in all brachyuran zoeas, so, the number of ten in 
the third zoeal stage should be changed to 12 in the next 
zoeal stage. Besides, bud of a zoeal pleopod appears from 
the first zoeal stage in the present species, whereas in other 
atelecyclid zoeas it shows at the second zoeal stage (T. 
cheiragonus, Erimacrus isenbeckii, Peltarion spinosulum) 
or the fourth zoeal stage (Atelecyclus rotundatus) (Kurata, 
1963; Irio, 1983; Hong and Ingle, 1987). Therefore, it is 
suggested that T. acutidens may have three zoeal stages in 
natural conditions. 

As shown in Table 3, the zoeas of Telmessus acutidens 
coincide well with those of 7. cheiragonus (see Rice, 1980) 
and Erimacrus isenbeckii (see Sasaki and Mihara, 1993; Lee 
et al., unpublished) on the following characteristics, which 
are consistent throughout all zoeal stages: carapace with all 
spines, exopod of antenna with 2 setae, endopod of max- 
illule with 1, 6 setae, endopod of maxilla with 3+5 (8) 
setae, proximal segment of first maxilliped with 3 setae, 
endopod of second maxilliped with 1, 1, 5 setae, and fork of. 
telson with a lateral long, a lateral smaller and a smaller 
dorsomedial spine. However, these zoeas can be easily 
identified on the basis of the presence of the lateral process 
of the abdomen and the length of the posterolateral process 
on abdominal somite 4, as follows: 
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1. Lateral process on abdominal somites 2 and 3; pos- 
terolateral process on abdominal somite 4 spinulate, 
longer than length of somite 5 -------- Erimacrus isenbeckii 

— Lateral process on abdominal somite 2; posterolateral 
process on abdominal somite 4 reaching to 1/2 length of 
SOMIBE 5 vse eens Telmessus cheiragonus 

— Lateral process on abdominal somite 2; posterolateral 
process on abdominal somite 4 reaching to 1/3 length of 
somite 5 cevecce eee ee eee e eter eee eee t en et nena T. acutidens 


Rice (1981) suggested that the zoeas of Telmessus and 
Erimacrus were unlike those of the Atelecyclidae, sensu 
stricto, so they must be separated completely from that 
family. Further, Stevcic (1988) reexamined the systematic 
status of the two genera and supported their inclusion in the 
family Cheiragonidae Ortmann, 1893, based on adult 
characters. According to Table 3, the zoeas of three species, 
T. cheiragonus, T. acutidens, and Erimacrus isenbeckii, are 
significantly different from the zoeas of Atelecyclus rotun- 
datus, the type species of the type genus of the Atelecyclidae. 
Also, they show remarkably different characteristics com- 
pared with those of two other species, Thia scutellata 
(Fabricius, 1793) of the Thiidae and Pirimela denticulate 
(Montagu, 1808) of the Pirimelidae, both these latter spec- 
ies possess two setae on the proximal segment of the first 
maxilliped and 1, 1, 4 setations on the endopod of the se- 
cond maxilliped (Ingle, 1984; Paula, 1987). Thus, the author 
supports the contentions of Rice (1981) and Stevcic (1988) 
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that these two genera should be removed from the Atele- 
cyclidae. 
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